Introduction
Measles is a highly contagious illness, characterised by a rash associated with a cough and fever (>38 °C). The disease is often mild, but serious complications can occur, mainly pneumonia and encephalitis, leading in some cases to death. These complications occur more frequently in children younger than one year and in adults older than 20 years [1] [2] [3] .
In France, a single-dose vaccination against measles was introduced in 1983, and in 1997, recommendations increased to two doses. The current vaccination schedule is as follows: a first dose at the age of 12 months (or at nine months for children attending nurseries) and a second dose for children between the age of 13 and 24 months [4] . Catch-up immunisation for those born after 1980 was introduced in 2005 [5] , and since February 2011, it has been recommended that all those born after 1980 receive two doses of combined measles-mumps-rubella (MMR) vaccine for full protection [6] .
Within the framework of the measles elimination policy followed in the World Health Organization European Region since 1998 [7] , a measles elimination plan was launched by the French Ministry of Health in 2005 [5] . This plan, updated by a circular in 2009 [8] , reinstated measles on the list of notifiable diseases and described the preventive measures to be implemented when there was a case or a cluster of measles cases. Persons who have been in contact with a measles case and who are not vaccinated against measles should be vaccinated within 72 h of exposure. For some categories of people seen too late to be vaccinated or who cannot be vaccinated, it is recommended that they receive human polyvalent intravenous immunoglobulins after laboratory (virological) confirmation of the contact case, within six days after exposure. The categories are the following:
• unvaccinated pregnant women without a history of measles; • immunocompromised patients, regardless of their vaccination status and measles history; • children under the age of six months whose mother has measles; • children under the age of six months whose mother has no history of measles and is not vaccinated; • children between 6 and 11 months, not vaccinated against measles within 72 h of exposure, regardless of the vaccination status and measles history of the mother.
Despite the efforts towards elimination, measles outbreaks have become more frequent in France since January 2008, with the highest epidemic peak occurring in 2011 (604 cases notified in 2008, 1,544 in 2009, 5,071 in 2010, 14,966 in 2011 and 728 between January and July 2012), and have resulted in 10 deaths [9] . This situation is linked to the insufficient vaccine coverage and to the existence of communities of susceptible people in which the virus circulates actively [10, 11] .
Since the implementation of the measures to fight measles in France, there have not been any field evaluations. The objectives of the present survey were to quantify the number of patients who had received prophylactic immunoglobulins after exposure to a measles case, to describe basic characteristics of these patients and to study the application of the recommendations related to the delay of post-exposure and the laboratory confirmation of the contact cases.
Methods
The case definition of measles used in this survey was the one recommended by the World Health Organization [12] : any person in whom a clinician suspects measles infection or any person with fever and maculopapular rash and cough, coryza or conjunctivitis. Since the delivery of immunoglobulins must be done at a hospital, this survey was conducted in hospital pharmacies in metropolitan France. The French National Council of the Order of Pharmacists provided us with a file containing the names of the department heads of pharmacies in major and minor hospitals (not local ones). We added to this list further pharmacies using information from the French hospital federation (FHF, www.fhf.fr). After having excluded psychiatric hospitals, we had a list of 368 pharmacies to contact. Each pharmacy received a letter, a file explaining the aims of the study, and a questionnaire containing six questions and a blue bars: immunoglobulin deliveries; red dots: measles cases. Source: [13] .
Results
In total, 267 of 368 pharmacies replied to the survey, a response rate of 73%. For 13 hospitals or hospital groups, we received joint responses for several (between two and four) pharmacies linked to these structures. The 267 pharmacies therefore belonged to 246 hospitals located in 92 (of 96) geographical Départements of metropolitan France (data not shown).
Of 246 hospitals, 55 (22%) delivered prophylactic immunoglobulins after exposure to measles during the study period ( Some geographical areas in France were more affected than others: the Paris region, the northern region, the Atlantic coast, the eastern and the south-eastern regions ( Figure 2 ). Immunoglobulin delivery was highest in the Rhône Département with 166 doses (42%). This pattern is consistent with the geographical distribution of notified measles cases over the same time period, with a concentration of the cases in southeastern France, in Paris and to a lesser extent along the Atlantic coast [13, 14] . This geographical distribution was independent of the number of answers per Département (data not shown).
The age of the patients ranged between one day and 86 years ( Figure 3 ). Of 400 patients, 172 were children under the age of six months, and 55 were between 6 and 12 months-old. These two age categories represented more than 55% of the cases. The third most represented age group were the 26 to 30 year-old adults, with 25 cases (6.3%). Among our patients, 24% were older than 30 years. Over the same time period, the age group for which most measles cases were notified in France were children under the age of one year (incidence: 140/100,000 cases, representing 7% of the notified measles cases) and young adults between 15 to 19 years (incidence: 60/100,000 cases, representing 17% of the cases) [13, 14] . Adults older than 30 years represented 12% of the notified measles cases (incidence less than 2/100,000 cases). ) Possible categories based on French recommendations were "children under six months-old", "children between 6 and 11 months-old", "pregnant women", "immunocompromised persons" or "others" [6] . These categories were not mutually exclusive so that, for instance, a nine month-old immunocompromised child was counted in both categories "children between 6 and 11 months-old" and "immunocompromised persons". In our survey, 172 cases (42%) were children under six months-old, 55 (14%) were children between 6 and 11 months-old, 47 (12%) were pregnant women, 120 (29%) were immunocompromised persons, seven (1.7%) were others, and there were seven with missing data (1.7%). Eight patients belonged to two categories: "children under six months-old" and "immunocompromised persons".
The mean delay between exposure and immunoglobulin delivery was 4.6 days (range: 0-30 days). The median was five days. The most frequent delays were five and six days ( Figure 4 ). There were 146 cases of missing data and 11 imprecise responses for this variable (n=157 in total, i.e. 39% of the cases). This low response rate underlines the difficulty of estimating the post-exposure delay. Among the 11 imprecise answers, seven were precise enough to be categorised either as delay of six days or less, or as delay of more than six days. Of these 250 answers, 84% of administrations (n=209) occurred within six days after exposure, as recommended. Three cases of very late immunoglobulin delivery (14, 21 and 30 days after exposure) were observed ( Figure 4) . In one case, the pharmacist (and/ or physician) identified the rash as the beginning of the exposure (added as a comment in the answer).
Data regarding the laboratory (virological) confirmation of the contact case was also missing frequently, in 191 (48%) of the cases. In the 209 responses received, 52% of the contact cases (n=109) were declared as laboratory-confirmed at the time the immunoglobulins were delivered. When there had been a laboratory confirmation, the type of confirmation was requested in the questionnaire. The declared types of confirmation are described in Table 1 . In eight cases declared as laboratory-confirmed, the type of confirmation written in the questionnaire was the rash, meaning that for these cases, the diagnosis was made using clinical signs, without laboratory confirmation. In three cases, the declared type of laboratory confirmation was rash+ELISA, meaning that the rash was used as clinical confirmation and the ELISA as the laboratory confirmation. In one case, the declared type of laboratory confirmation was salivary sample, which was an imprecise answer explaining what kind of sampling was done but not the laboratory test performed (both PCR and ELISA could have been done using the salivary sample). Consequently, removing the eight cases clinically confirmed based solely on the rash, only 101 cases (48%) were laboratory-confirmed at the time the immunoglobulins were delivered. These 101 cases include those for whom the type of confirmation was not specified, assuming they were likely to have been confirmed by laboratory methods. In 48 additional cases, the laboratory confirmation of the contact case arrived a few days after the administration of the immunoglobulins (this information had been added as a comment in the answers).
In Table 2 , results are presented by patient category. The eight immunocompromised children under the age of six months were counted in both categories "children aged under six months" and "immunocompromised persons". The seven responses with missing data for the patient category do not appear in this Table. The eight cases declared as laboratory-confirmed but only clinically confirmed based on the rash were considered as unconfirmed in the following analysis (six were children under six months-old and two were children between 6 and 11 months-old). Number of patients
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Note: Only precise answers are presented in this figure. There were more men (or boys) among the children aged under six months and among the immunocompromised persons and more women in the category "others". The mean post-exposure delay in the different groups ranged from 4.1 days to 6.6 days. The delay was the smallest among children under the age of six months and among immunocompromised persons. In three cases, immunoglobulins were delivered very late (14 and 21 days after exposure for two immunocompromised persons and 30 days after exposure for one child between 6 and 11 months-old). To evaluate adherence to recommendations, we analysed this variable using two categories: post-exposure delay of six days or less (as recommended) and post-exposure delay more than six days (Table 2) . Many responses were lacking data for this new variable, especially for immunocompromised persons (61%) and pregnant women (49%). The category for which most administrations occurred within six days after exposure was "children aged under six months". The category in which most administrations occurred more than six days after exposure was "others" (four of seven cases), but there were very few cases in this category. It was followed by "children aged between 6 and 11 months", with 13 of 55 cases. However, for eight of these 13 cases, immunoglobulins were delivered seven days after exposure (data not shown).
Regarding laboratory confirmation of the contact case, missing data ranged from 35% for children aged under six months to 64% for pregnant women. The percentage of confirmed cases was highest for the category "others", but because of the low number of cases in this category, we cannot consider this percentage as representative. For the category "children aged under six months", 76 of 172 cases (44%) were unconfirmed. Among the 172 children aged under six months, 27 (16%) were less than one week-old, and 10 were newborns. For the 112 cases for whom the origin of the exposure was known, exposure came from family members (including the mother) in 60% of the cases (n=66). Other cases were exposed through medical staff (n=45, i.e. 40%) or a nanny (n=1, i.e. 0.9%). Among pregnant women, the two most affected age groups were the 26-30 year-olds and the 31-35 yearolds (data not shown).
Among all 400 patients, we identified 10 children who possibly should have been vaccinated (children aged between 6 and 11 months for whom the post-exposure delay was three days or less) and one pregnant women who should not have received immunoglobulins (she had received two vaccination doses). The recommendations were not followed for these patients, but their medical conditions may have influenced the decision to deliver immunoglobulins.
Discussion
This survey permitted an assessment of immunoglobulin delivery as post-exposure prophylaxis in the event of contact with measles between 1 January 2010 and 31 August 2011. We counted 400 administrations during the study period, with most cases being children under the age of one year.
The response rate of 73% was satisfactory for a postal survey. We could not contact every hospital pharmacy in metropolitan France because the French National Table 2 Sex ratio, post-exposure delay (mean and percentage of post-exposure delay less or equal than six days) and contact case confirmation by patient category, metropolitan France, 1 January 2010 to 31 August 2011 (n=393)
a The sex ratio corresponds to the number of men (or boys) divided by the total number of patients.
Children aged under six months (n=172)
Children aged between 6 and 11 months (n=55) Council of the Order of Pharmacists did not provide an exhaustive list. According to the French hospital federation, there are 571 hospitals in metropolitan France (including major and minor hospitals, not local ones) [15] . Therefore, we contacted 65% of French major and minor hospitals but no local hospitals. However, we sent the questionnaire to 80% of France's major hospitals, which are more likely to deliver immunoglobulins in the studied indications. Therefore, we consider our study to be representative.
One of the objectives of this survey was to describe characteristics of patients having received prophylactic immunoglobulins following exposure to a measles case. The recommendations related to preventive measures to be implemented in the event of a measles case or cluster had been issued in 2005 and updated in 2009 and thus predated the current epidemic in France. Since then, no evaluation of the application of this measure has been conducted. With the current epidemic, basic information on post-exposure delay and percentage of confirmed contact cases could be important for decision makers in planning awareness campaigns or adapting recommendations. We therefore opted for a simple questionnaire, excluding questions about clinical diagnosis, the quantity of immunoglobulins delivered or patient evolution, so as to achieve a good response rate.
Consequently, we describe here the basic characteristics of the patients affected by these prophylactic measures. These data complement those obtained by notification, describing cases exposed to measles. The characteristics of the patients were different from those with a measles infection. Firstly, children under the age of one year, who are the age group most affected by measles infection, were proportionally even more represented among those receiving prophylaxis. Secondly, the most represented age group for adults receiving prophylaxis were the 26 to 30 yearolds, while the adult group most affected by measles infection are the 15 to 19 year-olds. Lastly, the age range of people affected by the prophylactic measures was wider than the age range of measles cases. This is linked to the categories of people for whom immunoglobulin delivery was recommended in this indication.
As previously stated, children under the age of one year were the most affected, especially very young children. Measles in infants can be very dangerous, and complications are very frequent in this age group (diarrhoea, otitis media, pneumonia, increased risk of encephalitis and panencephalitis, etc.) [1] . There are still cases of measles among women giving birth, which puts newborns at risk for subacute sclerosing panencephalitis, a fatal disease that manifests months or years after exposure [16] . Most children aged under six months for whom the source of exposure was known, were exposed by family members or medical staff. It is therefore crucial to increase awareness of measles among parents and medical staff [17] . Information campaigns directed towards women of child-bearing age or future parents could be useful in reducing the number of cases among pregnant women and newborns. Awareness campaigns could also be organised for medical staff working with immunocompromised persons.
Our results regarding temporal and geographic pattern are consistent with data from the French Institute for Public Health Surveillance (InVS) on the measles epidemic in France [9] which also show a concentration of the cases in south-eastern France. To address the concentration in this area, specific local actions might be useful. The incidence peak of immunoglobulin administrations occurred in March and April 2011, as did the incidence peak of measles cases. Since 2008, the epidemic has increased each year until 2011 and slowed down in 2012. Despite the decrease in the number of cases in 2012, authorities should continue promoting measles vaccination to control the spread of measles and end this epidemic.
The second objective of this survey was to describe practices related to post-exposure delay and laboratory confirmation of contact cases. The recommendation regarding the timing of immunoglobulins delivery was well followed: most administrations occurred within six days after exposure. However, a large proportion of the responses had missing or imprecise data for this question, highlighting the difficulty to estimate this post-exposure delay. In at least one case, the pharmacist (and the doctor) took the appearance of the rash as the beginning of exposure. Yet the contagious period usually begins five days before appearance of the rash, making it more difficult to estimate the beginning of exposure. In three cases, the immunoglobulins were delivered very late (14, 21 and 30 days after exposure). The efficiency of immunoglobulins decreases strongly after six days following exposure. At this point, exposed persons would already be sick if they were infected by measles. Additional explanations regarding the inefficiency of immunoglobulins after six days of exposure might have to be added to the current recommendations.
Only half of the contact cases were laboratory-confirmed when the immunoglobulins were delivered. However, in 48 cases, the results of laboratory analyses were known a few days after immunoglobulin delivery, demonstrating the willingness of hospital teams to confirm contact cases. In these situations, the immunoglobulins must have been delivered for medical reasons justifying the absence of results. As this prophylactic measure concerns fragile persons who cannot be vaccinated after exposure, the precautionary principle may have prevailed in order to avoid potentially severe complications. For the category "children aged under six months", 44% of the contact cases were not laboratory-confirmed at the time the immunoglobulins were delivered. The short mean post-exposure delay of 4.1 days is consistent with the hypothesis of rapid delivery to avoid complications. A more precise survey with access to medical files could identify the reasons for immunoglobulin delivery in the absence of laboratory results. One of the reasons could be delays in running the laboratory analyses. Furthermore, during an epidemic like the current one in France, the positive predictive value of clinical diagnosis is quite good, so that not every contact case requires confirmation. Recommendations were made before the current outbreak, when the number of measles cases was low. In light of the current measles epidemic, these recommendations may need to be updated.
The results obtained in our survey on the characteristics of persons affected by anti-measles prophylaxis and of the pattern of exposure will help implementing actions targeted at specific categories of the population to control measles epidemic in France. The description of the post-exposure delay and of the percentage of contact cases confirmed may be useful for decision makers in adapting the recommendations to the current situation.
